Introduction {#sec1-1}
============

Listeriosis is a foodborne illness caused by the bacterium *Listeria monocytogenes*, with a relatively low incidence of disease among the 28 European Union Member States (0.47 per 100,000 population) \[[@ref1]\]. Nevertheless, it is of major public health concern, because of the severity of its clinical manifestations (hospitalization rate \> 90%) and the high fatality rate (20-30%) \[[@ref2]\], mainly among the pregnant women, neonates, elderly and immunocompromised patients \[[@ref5]\].

In Italy, since 1990, invasive listeriosis is subjected to mandatory notification, and the notification rate in 2018 was 0.29 per 100,000 population \[[@ref1]\]. The majority of notified listeriosis cases (55%) is reported by Lombardy Region (Northern Italy), the most populous region in Italy, with 17% of the population \[[@ref6]\], and a notification rate of 0.70 per 100,000 population \[[@ref7]\]. Investigation on the transmission route is complex because of the long incubation period of the invasive infection (up to 70 days), foods with a long shelf-life and the probable high number of asymptomatic infections in people exposed to the same infection vehicle \[[@ref4], [@ref8], [@ref9]\]. Moreover, the contemporary exposition of several people to the same food vector may result in a succession of apparently unrelated cases \[[@ref10]\]. Therefore, it is essential that conventional epidemiology be supported by the molecular investigation, which allow to distinguish between outbreak-related and sporadic cases, and link cases to particular food and animal sources \[[@ref11]\]. Since 2005, Lombardy Region holds an enhanced surveillance system that involves a voluntary laboratory-based network \[[@ref12]\]. Hospital laboratories participating in the surveillance network voluntarily send clinical isolates to the Regional Reference Laboratory (RRL), which collects clinical and epidemiological data and carries out molecular subtyping. All the *Listeria monocytogenes* isolates are sent to the ECDC Operational Contact Point for *Listeria monocytogenes*, at the National Institute of Health (Istituto Superiore di Sanità, ISS), for further typing and characterization. The present study was undertaken to describe the epidemiological and clinical results of the laboratory-based surveillance system in Lombardy Region from the beginning of the surveillance (2005) until December 2018. The aims were to make a comparison with mandatory notification system data over the same period and to assess how much laboratory-based network has increased the sensitivity of the surveillance system in Lombardy Region.

Methods {#sec1-2}
=======

The laboratory-based surveillance program in Lombardy Region is performed with the delivery of *Listeria monocytogenes* isolates from hospitalized clinical cases to the RRL, which routinely carries out pulsed-field gel electrophoresis (PFGE) typing and whole-genome sequencing (WGS). The isolates are sent along with a standardized report form, agreed with ISS, used to collect: i) demographic data (e.g. age, gender, province of residence); ii) clinical data (e.g. symptoms, clinical form of disease, existence of underlying conditions, outcome); and iii) microbiological data. All data of the *Listeria monocytogenes* isolates from human cases occurred in Lombardy Region between 2005 and 2018 and collected by the RRL were included in our study. In case there were two or more isolates from the same patient only the first one was included in the analysis. For the purposes of the present work, an invasive listeriosis case was defined as an isolate of *Listeria monocytogenes* from a normally sterile site. A pregnancy-related listeriosis case was defined an isolate of *Listeria monocytogenes* from clinical sample of pregnant woman or foetus, stillborn, new-born aged \< 28 days. Confirmed cases with isolation of *Listeria monocytogenes* from both mother and infant were considered as single cases. In order to make a comparison with regional mandatory notification system data, all available information regarding listeriosis cases were extracted from the regional web-based database MAINF (Sistema di sorveglianza notifiche di malattie infettive), and all listeriosis cases from MAINF and RRL were cross-matched according to whether they were present or absent in each data source. The detection of the same individuals in the two sources was determined by name, sex, age and date of hospitalization or symptom onset, and a joint database was generated, in order to include all reported cases of both systems. Observed cases were defined as the sum of cases reported only in MAINF, those recorded only by RRL and those present in both surveillance systems.

The statistical analyses were performed by chi-square test, using OpenEpi software (version 3.01).

Results {#sec1-3}
=======

A total of 533 *Listeria monocytogenes* isolates were collected by the RRL between 2005 and 2018, 55 of which from pregnancy-related infection cases (10.3%) ([Tab. I](#table001){ref-type="table"}). The median age of non-pregnancy-associated patients was 71 years, with 64.6% of cases observed in people older than 65 years. The prevalent clinical manifestations were sepsis (62.1%) and central nervous system infections (28.9%). Atypical and rare forms of the infection were also detected: two cases of endocarditis, two cases of endophthalmitis and a case of periprosthetic joint infection. The number of patients whose outcome was known was 267, and the fatality rate was 26.2%. Cases with underlying medical risk conditions accounted for 92.1%, including cancer (32.2%), renal failure (10.1%), hemopathies (7.8%) and diabetes (7.3%). Fourteen pregnancy-related infection cases (31.8%) resulted in foetal death, miscarriage or stillbirth.

In the same period, MAINF recorded a total of 790 notified cases ([Tab. I](#table001){ref-type="table"}). Sixty-eight were pregnancy-related cases (8.6%). The median age of non-pregnancy related patients was 72 years, with 67.4% of cases observed in elderly patients (≥ 65 years). Sepsis was the most common clinical manifestation (49.6%), followed by meningitis and other central nervous system infections (28.7%). Cases with known outcome were 454, and the fatality rate was equal to 24.7%. Five hundred and ninety-six notified cases (90.3%) had at least one underlying risk condition for developing listeriosis: among others, cancer (30.1%), renal failure (8.3%), diabetes (8.2%) and hemopathies (3.6%). Seventeen pregnancy-related infection cases (33.3%) resulted in foetal death, miscarriage or stillbirth.

No significant differences were found between the variables reported in [Table I](#table001){ref-type="table"}, based on the chi-square test.

The distribution by year of listeriosis cases from the two data sources MAINF and RRL and total observed cases by year are presented in [Table II](#table002){ref-type="table"}. Overall, the two sources observed a total of 935 cases over a 14-year period, with an average of 66.8 cases per year. The incidence of the observed listeriosis cases in Lombardy is included in the range 0.29 per 100,000 population (2005) - 0.97 per 100,000 population (2011), with an average of 0.68 per 100,000 population. Considering the cases reported by the two sources and the cases observed through the cross-matched data, the increasing tendency is evident, as well as the presence of two peaks, one in 2009-2011 and one in 2017 ([Fig. 1](#fig001){ref-type="fig"}).

The distribution of listeriosis cases in the twelve provinces of Lombardy is shown in [Table III](#table003){ref-type="table"} and [Figure 2](#fig002){ref-type="fig"}. A third of the observed cases (311 out of 935) were recorded in the province of Milan, which with over 3,000,000 inhabitants corresponds to a third of the Lombardy population. The distribution of cases is not homogeneous, the incidence varies in a wide range, from 0.21 per 100,000 inhabitants to 1.00 per 100,000 inhabitants ([Fig. 2](#fig002){ref-type="fig"}).

The collection of data through the RRL system, which identified 145 cases not notified to the MAINF system, allowed to increase the surveillance sensitivity by 18% ([Tab. II](#table002){ref-type="table"}). The increase in sensitivity is particularly evident in 2007 (+ 35.3%) when there were 46 cases, 34 of which reported by the official notification system and 23 by the laboratory surveillance system, with an overlap of only 11 cases. As shown in [Table III](#table003){ref-type="table"}, the laboratory surveillance system resulted in an increase in sensitivity not uniformly distributed in the twelve provinces and, above all, concerned two of them, Brescia and Lodi (+ 40.0% and + 47.1%, respectively).

Discussion and conclusions {#sec1-4}
==========================

Although listeriosis has been included in the mandatory notification-based surveillance system in Italy since 1990, accurate data on epidemiology of this severe foodborne disease are still very limited. This study showed the results of the laboratory-based surveillance of listeriosis in Lombardy Region over the period 2005-2018, in comparison with mandatory notification system data, in order to learn more about the health impact of *Listeria monocytogenes* infections. The epidemiological scenario, without significant differences between the two sources, is consistent with the literature, except for the proportion of pregnancy-related cases, lower than reported in literature (20-43%) \[[@ref13]\]. It is not clear if this lower frequency is real or due to underdiagnosis or underreporting of pregnancy related cases. Underdiagnosis could be more likely, considering that earlier stages miscarriage may be seldom investigated. On the other hand, the use of diagnostic tool for the detection of the pathogens in blood culture and CSF culture in non-pregnancy-related cases, mostly sepsis and meningitis in immunocompromised patients, are routinely performed \[[@ref13]\].

As expected, the most affected age group was the elderly people \[[@ref4]\] and, in most cases, one or more underlying immunosuppressive conditions were present. In the elderly, the most common clinical manifestation was sepsis. The fatality rate for non-pregnancy-associated cases (26.2%) was higher than that reported by the last ECDC report (15.6%), while for pregnancy-related cases the fatal outcome was observed in the 25% of cases \[[@ref1]\]. This difference could be explained by a higher propensity to diagnose and report severe cases, with a frequently fatal outcome.

In Lombardy, the mean annual incidence of observed cases (0.68 per 100,000 population), obtained by integrating data from the two surveillance systems, was not homogeneously distributed neither in the twelve provinces (0.21 per 100,000 population - 1.0 per 100,000 population) nor in the considered years (0.29 per 100,000 population - 0.97 per 100,000 population). In particular, although no epidemic events were officially notified, a higher concentration of the number of cases in spotted areas and in certain periods was observed. More in detail, peaks in the years 2009-2011 in the provinces of Bergamo and Milan and in 2017 in the provinces of Brescia and Milan were identified. The laboratory-based surveillance allowed to identify a major listeriosis outbreak, linked to soft cheese, occurred in 2009-2011, which went undetected by local health authorities \[[@ref14]\]. Concerning the second peak occurred in 2017, the epidemiological investigation did not point out any link between cases, even though an outbreak was suspected.

In Europe, outbreak-related cases are apparently not frequent: in the report published in 2019 by the ECDC \[[@ref1]\], only 158 out of 2561 cases reported in Europe (6.2%) belong to an outbreak (14 outbreaks in total). This rare outbreak identification could only be apparent and could represent the consequence of a series of difficulties deriving from the peculiar characteristics of *Listeria monocytogenes* infections. Indeed, the epidemiological investigation is often intricate because of many concurrent factors, such as the contamination of foods with long shelf lives, the long incubation period and the low attack rate of exposed people that may allow a listeriosis outbreak to occur as a succession of apparently unrelated cases \[[@ref4], [@ref10]\].

Laboratory-based surveillance system, introduced in Lombardy Region fifteen years ago, not only has supported the recognition of outbreaks, but has also led to a significant increase in the sensitivity of official surveillance (overall + 18% in the study period). However, it is surprising that this increase in sensitivity is included in a very wide range (+ 3.8 in 2005, year of start of RRL and, only two years later, in 2007, + 35.4%) and fluctuating over the fourteen years observed. This oscillation could be explained by hypothesizing a different sensitivity of the laboratory surveillance, which acts on a voluntary basis and which is conditioned by the difficulties in sending the isolates from the provinces distant from the RRL \[[@ref12]\]. This difficulty does not concern MAINF, since notifications are mandatory, and the surveillance system is web-based.

Overall, our results document a not inconsiderable incidence of listeriosis, equal to 0.68 per 100,000 population if we consider all the "observed cases", 0.60 per 100,000 population and 0.40 per 100,000 population if we calculate the incidence from MAINF system and laboratory-based system, respectively. The increasing tendency in incidence, observed by both independent data sources, is probably real, as it is not possible to hypothesize -- at least for the MAINF system -- significant changes in the sensitivity of the surveillance over the considered period. It is also probable that the data of our Region, even referring only to the officially notified cases, have strongly contributed to the increase observed at national level, and highlighted in the latest European report, which document a significant increase in listeriosis incidence for nine European countries, including Italy, in the period 2014-2018 \[[@ref1]\].

The explanation of this increase could be related to the progressive increase of population at risk, both for age and for other underlying conditions (e.g. diabetes, cancer), without excluding the role of the eating habits of groups characterized by situations of social hardship or ethnic groups, as already reported in the United Kingdom \[[@ref15], [@ref16]\].

In conclusion, having documented the growing epidemiological relevance of listeriosis through the analysis of two information sources, in order to consolidate surveillance, reduce underestimation and promote a more effective ability to suspect and recognize epidemic events, we believe that notification system should be integrated with laboratory-based system. Laboratory-based surveillance system must not be a voluntary-based channel alongside the official notification system, but the results of molecular analysis should systematically and as soon as possible be merged into the same database, in order to identify clusters of possibly related listeriosis cases and outbreaks undetected by the traditional surveillance systems. In this direction, in Italy, listeriosis surveillance has been improved since the end of 2019, with the creation of the Integrated Rapid Infectious Disease Analysis (IRIDA) Advanced Research Infrastructure for Experimentation in GenomicS (ARIES) platform \[[@ref17]\]. IRIDA-ARIES is an open-source software set up and maintained at the ISS, which collects genomic and epidemiological data from the regional reference laboratories, in order to get real time data for timely detection of clusters of listeriosis and other foodborne diseases.

Figures and tables {#sec1-5}
==================

![Listeriosis cases from two data sources (MAINF and RRL) and total observed cases by years of diagnosis.](jpmh-2020-02-e167-g001){#fig001}

![Geographical distribution of the mean annual incidence (cases per 100,000 population) of observed listeriosis cases in Lombardy Region during the period 2005-2018.](jpmh-2020-02-e167-g002){#fig002}

###### 

RRL and MAINF databases: main features of non-pregnancy and pregnancy-related listeriosis cases occurred in Lombardy Region, 2005-2018. All variables were calculated for patients with known information.

  -----------------------------------------------------------------------------------------------------
  Characteristics                                           RRL (%)   MAINF (%)               
  --------------------------------------------------------- --------- --------------- ------- ---------
  Number of cases                                           533                       790     

  Pregnancy-related cases\                                  55\       (10.3) (31.8)   68\     (8.6)\
  -- fatality rate[\*](#table1-tfn1){ref-type="table-fn"}   14                        17      (33.3)

  Non-pregnancy related cases\                              478\      (89.7)\         722\    (91.4)\
  -- median of age (years)\                                 71\       \               72\     \
  -- patients ≥ 65 years\                                   309\      (64.6)\         487\    (67.5)\
  -- m:f\                                                   1.19\     \               1.23\   \
  -- underlying condition\                                  399\      (92.1)\         596\    (90.3)\
  -- fatality rate                                          70        (26.2)          112     (24.7)
  -----------------------------------------------------------------------------------------------------

\*: no maternal fatality was recorded.

###### 

Listeriosis cases from two data sources (MAINF and RRL) and total observed cases by years of diagnosis.

  ------------------------------------------------------------------------------------------------------------------------------------------------
  Year        MAINF     RRL       MAINF only (A)   RRL only (B)   Both sources (C)   Observed cases (A+B+C)   B/A+C       Incidence\
                                                                                                                          per 100,000 population
  ----------- --------- --------- ---------------- -------------- ------------------ ------------------------ ----------- ------------------------
  **2005**    26        2         25               1              1                  27                       3.9%        0.29

  **2006**    37        17        27               7              10                 44                       18.9%       0.46

  **2007**    34        23        23               12             11                 46                       35.3%       0.48

  **2008**    52        27        31               6              21                 58                       11.5%       0.60

  **2009**    47        29        29               11             18                 58                       23.4%       0.60

  **2010**    75        42        43               10             32                 85                       13.3%       0.87

  **2011**    77        49        47               19             30                 96                       24.7%       0.97

  **2012**    47        27        28               8              19                 55                       17.0%       0.57

  **2013**    67        37        43               13             24                 80                       19.4%       0.82

  **2014**    57        55        18               16             39                 73                       28.1%       0.72

  **2015**    69        49        25               5              44                 74                       7.3%        0.74

  **2016**    57        48        20               11             37                 68                       19.3%       0.68

  **2017**    80        75        21               16             59                 96                       20.0%       0.96

  **2018**    65        53        22               10             43                 75                       15.4%       0.75

  **Total**   **790**   **533**   **402**          **145**        **388**            **935**                  **18.4%**   **0.68**
  ------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Listeriosis cases from two data sources (MAINF and RRL) and total observed cases by Lombardy's provinces.

  -----------------------------------------------------------------------------------------------------------------------------------------------
  Province   MAINF     RRL       MAINF only (A)   RRL only (B)   Both sources (C)   Observed cases (A+B+C)   B/A+C       Incidence\
                                                                                                                         per 100,000 population
  ---------- --------- --------- ---------------- -------------- ------------------ ------------------------ ----------- ------------------------
  **BG**     113       77        48               12             65                 125                      10.6%       0.83

  **BS**     70        66        32               28             38                 98                       40.0%       0.53

  **CO**     37        24        23               10             14                 47                       27.0%       0.55

  **CR**     38        8         31               1              7                  39                       2.6%        0.80

  **LC**     44        15        30               1              14                 45                       2.3%        1.00

  **LO**     17        19        6                8              11                 25                       47.1%       0.72

  **MN**     11        2         9                0              2                  11                       0.0%        0.21

  **MI**     249       197       114              62             135                311                      24.9%       0.63

  **MB**     67        59        21               13             46                 80                       19.4%       0.79

  **PV**     47        30        24               7              23                 54                       14.9%       0.74

  **SO**     24        0         24               0              0                  24                       0.0%        0.93

  **VA**     73        36        40               3              33                 76                       4.1%        0.63

  **Tot**    **790**   **533**   **402**          **145**        **388**            **935**                  **18.4%**   **0.68**
  -----------------------------------------------------------------------------------------------------------------------------------------------
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